A functional preinitiation transcription complex was formed by incubating vaccinia virus early transcription factor VETF and RAP94+ RNA polymerase with an early promoter template immobilized on paramagnetic particles. A preferred order of assembly, VETF followed by RNA polymerase, was demonstrated by stepwise addition experiments. ATP was unnecessary for preinitiation transcription complex formation, but divalent cations were required specifically for the association of RNA polymerase.
Poxviruses encode many of the enzymes and factors needed to replicate and transcribe their large DNA genomes within the cytoplasm of infected cells (34) . Studies with vaccinia virus, the best-characterized member of the poxvirus family, revealed three temporal stages of gene regulation. The components needed for formation of functional eukaryotic-like early mRNAs are contained within the virus particle and are activated immediately after infection (29, 37, 43) . Soluble extracts of purified virions can accurately transcribe DNA templates regulated by early promoters (25, 39) . Transcription initiates and terminates downstream of a consensus 30-bp A/T-rich promoter sequence (19) and a TTIT'TNT motif (40, 45) , respectively. The early transcription factor VETF is a virusencoded heterodimeric protein with DNA-dependent ATPase activity that binds specifically to early promoters (11, 14, 16, 21, 44) . The vaccinia virion-associated DNA-dependent RNA polymerase VRPol is composed of subunits encoded by eight viral genes (1, 3, 5-7, 9, 13, 15, 38 ). An essential viral polypeptide of 94 kDa (RAP94), associated with approximately 40% of the VRPol, confers early promoter specificity (2, 4, 28) . Further studies on termination indicated that the Tl''1'1'NT signal is recognized after transcription as UUU UUNU in the nascent transcript (42) and that capping enzyme is needed for this step (41) independently of its role in modification of the 5' end of the mRNA (33) . Polyadenylylation is catalyzed by a heterodimeric protein with two subunits (20, 36) , one recognizing uridylate-containing sequences near the 3' end of the mRNA and another binding to the elongating poly(A) chain (22) (23) (24) . Unlike early viral genes, the intermediate and late genes are expressed after viral DNA replication and are regulated by stage-specific promoters and cognate transcription factors (reviewed in reference 35).
The mechanism of vaccinia virus transcription initiation has not been studied in detail. Native polyacrylamide gel electrophoresis (17) has been used to characterize the specific binding of VETF to an early promoter (16 (12) . It has been presumed that the next step is association of VRPol with the VETF template. Some attempts to detect such complexes by native gel electrophoresis were unsuccessful, even though stable ternary complexes containing nascent RNA were readily formed (2, 26, 27) . Li ,ug of yeast tRNA per ml) was added either to the total reaction mixture or to the DNA-PMP, collected by placing the tubes in a magnetic holder (Promega Corp.) and gently washing two times with transcription buffer. After phenol-chloroform extraction and ethanol precipitation, the labeled RNA was resuspended in 10 pul of gel loading buffer (95% (wt/vol) formamide-0.02% (wt/vol) bromophenol blue-0.02% (wt/vol) xylene cyanol FF). The RNA products were analyzed by electrophoresis on a 17% (wt/vol) polyacrylamide-7 M urea gel. Lanes 1 and 2 contain all four rNTPs and lanes 3 and 4 have 3'-O-methyl-GTP substituted for GTP. The DNA-PMP were collected and the RNA associated with the particles (lanes 1 and 3) and the RNA recovered in the supernatant (lanes 2 and 4) were resolved by electrophoresis, and an autoradiogram was made. Lane M contains 32P-labeled MspI-digested pBR322 fragment markers (sizes in nucleotides indicated on the left). and 4). Additional experiments (not shown) indicated that the bound 40-nucleotide RNAs could be elongated to 115 nucleotides by resuspending the DNA-PMP complexes with all four rNTPs, including GTP.
Further studies were carried out with purified VETF and VRPol. Purification of VETF included an affinity step that resulted in a preparation that appeared homogeneous by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis and silver staining (21) . Purification of the VRPol included heparin column chromatography and immunoaffinity steps that separated RAP94+ and RAP94-species (2 (Fig. 2A, lan reversing the order of addition of VETF and barely detectable transcription ( Fig. 2A, lan The above experiments suggested that V for the binding of VRPol to the templat interpretation, however, was that binding oi the template prevented subsequent bindir could distinguish between these possibilities DNA-PMP successively with VRPol and measuring transcription in the presence of (Fig. 2B, lane 3) or VETF (Fig. 2B, lane 4 (Fig. 3) . Transcription was 30% of maximum when VETF r transcription which binding occurred at 150 mM NaCl. VRPol binding to the X 100 ,ul of ice-cold DNA-PMPIVETF complex was highly sensitive to salt. Tran-)ed DNA-PMP were scriptional activity dropped off sharply when the NaCl concenn the particles and tration was 25 mM or higher during the VRPol incubation step 1, and an autoradio-and was inhibited more than 90% at 75 mM (Fig. 3) . Tranrnd to Fig. 1 scription initiation by the DNA-PMP/VETF/VRPol complex was also very salt sensitive (Fig. 3) . further characterization of the protein-DNA and proteinprotein interactions involved. Such associations are likely to occur, at least partly, through the VRPol-associated protein RAP94, which imparts early promoter specificity for the synthesis of RNAs as short as 4 nucleotides (4). In the present experiments, we could not determine whether RAP94 is required at the binding or transcription initiation stages, since some nonspecific binding of VRPol occurred (data not shown). 
